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ABSTRACT 
The reaction of 4-amino-3-allyl-3-penten-2-one (7) 
....,. 
with mercuric acetate in acetic acid was found to produce 
4-amino-1-pentene (12) in 70% yield. The scope of this 
..., 
unusual cleavage reaction was investigated by systematic 
variation of substituents on the enamino ketone framework, 
the metal salt and the solvent. The presence of the allyl 
group was necessary for the reaction to produce·compound ~~ 
Under a variety of conditions there was no evidence 
for cyclization of J, to give heterocyclic compounds. Neither 
was there evidence for cyclization in reactions of 4-amino-
3-penten-2-one with vinyl acetate in the presence of mercury 
(II)~or thallium (III) salts as might have been expected 
from prior work. 
(vi) 
INTRO DU CT ION 
Based on the observations of Ichikawa, et ~1, that 
dihydrofurans were produced by the reactions of S-dike-
tones, olefins and thallic or mercuric salts 2, (eq.1), it 
was proposed to attempt the synthesis of substituted pyr-
roles via the reaction of a substituted vinyl acetate, 
an enamino ketone and thallium {III) acetate, {eq.2, X=OAc). 
0 0 
R-CH=CH2 + ~ + MXn tf eq.! 
R-CH=CH-OAc + AA + Tl (OAc)J --Rd eq.2 
~ 
The proposed reaction (eq.2) is a modification of 
the so-called oxy-metallation reaction wherein a high 
valent metal electrophile attacks the olefin, generating 
an incipient carbonium ion which is usually scavenged by 
an oxygen atom of the solvent 3. The well-known indus-
trial oxidation of ethylene is an example of this trans-
formation 4. In equation 1 and as proposed for equation 
2, the enolic carbon of the S-diketone or the enamino 
ketone as the case may be, rep 1 aces the so 1 vent as the 
nucleophile, as shown in Scheme 1. 
R-CH = CH2 + Tl(OAc)3 R'OH) R-CH-CH2-Tl(OAc)2 
+ 
@+ 
---cf+ 
TlOAc + HOAc 
Scheme 1 
The oxy-metallation reaction as represented in eq. 2 
was tried but was unsuccessful. 
It was proposed that for an intermolecular reaction 
as in equation 2, variation of substituents on the olefin, 
enamino ketone and metal would yield insight into the 
mechanism of this oxy-metallation reaction. Lastly, from 
the knowledge of the scope and limitations of this modi-
fied oxy-metallation reaction, it would be possible to 
devise syntheses for various heterocyclic natural products. 
2 
The intermolecular reaction as in eq. 2 was unsuc-
cessful, but another type of reaction was more favorable, 
as seen in the formation of compound J.: 
0 H CH3 0 
It 
CH3 ~ CH3 
H 
~ 
CompeundJ...is formed according to the following reac-
tion: 
N~2 Q 
CH2 = CH-OAc ~~ HOAc ) 
-·· Later on in the work, 3-alkylated enamino ketones 
were prepared, the oxy-metallations of which yield 
cleavage products, with the non-alkylated enamino ketone 
{compound~ undergoing no reaction at all. 
3 
RESULTS AND DISCUSSIONS 
Attempts to synthesize the 3-acetyl-2-methyl-pyr-
role (compound~) using the enamino ketone (compound.l) 
and vinyl acetate in the presence of thallium (III) ni-
trate (prepared by Kochi's method 5) using 
(a) no solvent 
(b) excess vinyl acetate as solvent 
(c) CHCl3 as solvent 
proved un$uccessful. 0 
~ 
H 
~ 
In every case the starting compound~ was recovered in a 
90% yield. The same reactants when used as per Ichikawa's 
method 1 for running the reaction as well as the workup, 
also gave the starting compound~ in an 85% yield. When 
mercury (II) acetate was used for the oxidation (exper-
iment 2), the starting .compound~ was once again recov-
ered in an 85% yield. 
From the above results it can be concluded that the 
enamino ketone is a poor nucleophile, especially for the 
five membered ring synthesis. Later on it proved to be 
good for six membered rings. 
4 
J. Halpern et al 6 isolated acetone by the catalytic 
--
hydrolysis of iso-propenyl acetate using mercury (IJ) 
acetate and thallium (Ill) acetate. On the basis of 
this work, vinyl acetate could yield acetaldehyde from 
the reaction of vinyl acetate with mercury (II) acetate 
of thallium (Ill) acetate. 
A mechanism for the formation of acetaldehyde from 
vinyl acetate and mercury (II) acetate or thallium (Ill) 
acetate can be proposed as in Scheme 2. 
H+ +@ 
Scheme 2 
The abi 1 i ty of compound i to react to form a six 
membered ring rather than a five membered one was shown 
by reacting the enamino ketone (compound,l.l with vinyl 
. 
acetate using glacial acetic acid as the solvent, (experi-
ment 3) to give 3,5-diacetyl-1,4-dihydro-2,4,6-trimethyl 
pyridine (compoundjJ. The same compound~was obtained 
5 
in a 70% yield when compound.1_ was reacted with vinyl 
acetate and mercury (II) acetate using 50-50 THF/water 
as solvent (experiment 4). 
Changing polarity of the solvents, reaction times, 
reaction temperatures, reactant concentrations and metal 
salts had no effect on the intermolecular case. For the 
fonnation of 1, addition of a metal salt (mercury {II) 
._., 
acetate) did increase the overall yield of the product. 
An important point to note from this reaction (exper-
iment 4) is that when only THF was used as the solvent 
instead of the 50-50 THF-/water mixture, and under exactly 
the same reaction conditions, the starting compound 1_ 
was recovered in a 90% yield. In another run of the same 
reaction (experiment 4), under exactly the same conditions, 
using a 50-50 THF/water as solvent but without the vinyl 
acetate, the starting compound ,l. was once again recovered 
as the major product. 
A mechanism for the formation of compound J. can be 
proposed as in Scheme 3. 
0 0 0 
~~~ 
)l~2 .,A NH 
HOAc ) 
--.-H"""'OH-.---~) 
:,...0 
~ 0 
~JC" ) oe o +~ 
. H H 
Scheme 3 
6 
) 
Scheme 3 (Continued) 
OAc 
+ HOAc---?) 
OAc 
0 6> 0 
~K" > 
H 
H 
-HOA') 
7 
0 0 
H 
/OAc 
----1E> + OAcf?J 
H 
> 
An attempt to prepare compound 1 this time using 
"' 
compound 2, vinyl acetate and thallium (III) acetate 
-(experiment 7), failed. It gave back the starting com-
pound 2 as the major product. The use of thallium (III} 
"-" 
oxide or a 50-50 mixture of thallium (III) acetate and 
thallium (III} oxide also proved to be unsuccessful for 
the oxidation. At this stage compound~ was prepared 
as it could have been one of the products in any of the 
reactions, 
M. F. Kuehne et .21. 7 used thallium (III} acetate to 
oxidize enamines to a-acetoxy ketones in the following 
8 
manner: 
-N/ 
'-----' H (}) Tl( OAc )3 
W \H @ ~20 
) qjJAHc HJi,-------1.<._ 
According to this work, a probable product to be 
expected from a reaction run under exactly the same con-
ditions as above would be: 
M 
OAc 
Since this product was not found at all from any of 
reactions, it may be concluded that the oxygen atom in 
compound 1. may be preventing the formation of compound 
~. 
The inability of compound~ to form five membered 
rings by the proposed route being established, an attempt 
was made to synthesize the ring by substituting one of the 
protons on the nitrogen with an n-butyl group. The aim of 
adding then-butyl group was to see if it blocked complex 
formation with the metal ion. Thus 4 (N-n-butylamino)-
3-penten-2~-0n~ was prepared (experiment 8). 
H-~ 
j.,. 
Reacting compound..§.. with vinyl acetate and mercury 
{II) acetate or thallium (III) acetate using CH2Cl2 as the 
solvent gave back the starting compound 6 as the major 
...-. 
product. Using a 50-50 THF/water mixture or THF alone, 
along with the two salts had no effect on the reaction; 
the starting compound~ being recovered as the major pro-
duct. In yet another series of experiments, tri-n-butyl 
amine was added as a base and CHCl3 used as a solvent 
with different metal salts viz: C0Cl2.6H20, MnS04, Cu(OAc)2 
Pb(OAc)4, and AgOAc, only to give back the starting com-
pound 6 as the major product. 
-
9 
When compound 6 was subjected to exactly similar 
....... 
reaction conditions as in experiments 3 and 4, the final 
product could not be identified from the spectral data 
available. 
In 1972, J. J. Perie et!!. 8 published the following 
work: 
$ H9X2 NaBH4 ) 
R- H, Pr, Me, t-Bu, Ph. 
X- Cl, OAc. 
70% 
Q 
R ~,,_.'.' 
30% 
On·· the basis of the above work, 4-amino-3-allyl-3-
penten-2-one (compound 7) was prepared (experiment 11), 
-
~ ;l 
, '~2-C~ CH2 
in order to attempt the synthesis of the corresponding 
oxygen or the nitrogen h~terocycle, as well as to compare 
the nucleophilicity of the two atoms in the formation of 
the following possible products: 
d 
H 
0 
CJ(' 
H 
8 
-
9 
.._.. 
10 
11 
10 11 
'-"' 
Compound 7 was allowed to react with mercury (II) acetate 
.......... 
using glacial acetic acid as solvent to give 4-amino-1-pentene 
(compound 12) in a 70% yield. 
~ 
From this reaction there was no evidence for the formation of 
any of the heterocycles as per the predictioh. 
According to H. C. Brown et !l. 12 another product to 
expect from this reaction would be: (solvent THF/water) 
NH2 0 
~-CH3 I 13 OH 
........ 
and according to Perie 8 a product should have been one of 
the proposed heterocycles. Neither prediction proved right. 
and the cleavage of the allyl group competed with the forma-
tion of the predicted products. 
A noteworthy point of this experiment is the work-up 
procedure. The following work-up procedures did not give 
the same product i.e. compound 12 as obtained by the specific 
- "" 
procedure stated in the experimental section. In each of these 
work-ups, 3-allyl-2,4-pentanedione was obtained as the major 
product: 
{a) Neutralization of the excess acid by Na2C03 or NaHC03 
and then reducing the organomercurial; 
{b) Extracting the acid as well as the organomercurial 
with ether and then neutralizing the excess acid; 
{c) Performing a direct reduction without netralizing 
the excess acid; 
(d) Adding water, saturating the solution with NaCl and 
then reducing the solid in the presence of the liquid. 
Various attempts were made to synthesize any one of 
the heterocycles (compounds 8, 9, 10 and 11) using various 
... '-"' ..... ........ -
12 
conditions, all of which proved unsuccessful. The reactants 
used and the products obtained are tabulated as follows: 
Starting compound 
7 
-
II 
II 
II 
II 
II 
Salt Solvent Product 
Hg{OAc)2 glacial acetic~ 
acid 
HgC1.2 
Hg{OAc)2 
II 
HgCl2 
II 
50-50 
THF/water 
II 
MeOH 
II 
II 
II 
II 
compound 7 
..... 
II 
In all the above reactions the 3-alkylated enamino 
ketone {compound 7) and the salt were used in a 1:1 mole 
..... 
ratio. 
13 
Aftei being unable to obtain either compound 13 or any 
........ 
of the heterocycles (compounds 8, 9, 10 and 11), 4-amino-3-
........ ..._,, """' '-"'"I 
propyl -3-penten-2-one ( compound 14) was- prepared ( expert ment 12) . 
..-
~ 
CH2-CH2-CH3 
14 
........., 
The purpose of preparing compound 14 was to see if the external 
..._. . . 
double bond had any effect as far as the formation of unpre-
dicted products was concerned. Reaction of compound~ with 
mercury (II) acetate (experiment 14) gave the following com-
pounds l§. and~ in 42 and 58% yields: 
& 15 ..._ 
58% 42% 
This reaction showed that cleavage products were obtained 
regardless of the presence or the absence of the external 
double bond. 
In order to investigate the above point an attempt to 
prepare the following compounds was made but proved unsuc-
cessful: 
0~ 
CH2-CH=CH2 
17 
'""' 
NH2 0 
0~CH3 
18 
..._, 
14 
The allyl diketone 16 and the propyl diketone 20 could 
be prepared by the regular routes, but the amino group could 
not be added in spite of the following procedures: 
(a) Same procedure as experiment 1. 
(b} Heating the allyl or the propyl diketones at reflux 
with aqueous ammonia from 2 to 48 hours. 
(c) Removal of the water formed in the reaction medium by 
the use of a Dean-Stark trap. 
Since the compound could not be prepared, it cannot 
be determined if these ~ompounds also give cleavage products. 
SUMMARY AND CONCLUSIONS 
The aim of this \\'Ork was to attempt the synthesis 
of the pyrrole with various substituents, as represented 
in equation 2, on the basis of the work represented in 
equation 1, and the knowledge of oxy-metallation reactions. 
The oxy-metallation reaction as represented in equation 
J,. was tried but proved unsuccessful but on the other 
hand proved successful in the formation of compound.J. 
using a metal ion (experiment 4) or no metal ion but 
acid alone (experiment 3). 
Since the aim of the project was to attempt the five 
membered heterocycle synthesis (equation 2) rather than 
the six mem~ered one, as seen in compound l, no further 
15 
work was done using the results of experiments 3 and 4 to 
study the synthesis of six membered heterocycle.s with various 
substituents, except in one experiment. One of the pro-
tons on the nitrogen atom in compound 2 was substituted 
...... 
with an n-butyl group (compound .§J and under identical 
reaction conditions as in experiments 3 and 4, the N-
alkylated derivative of compoundJ..could not be isolated. 
The product in fact could not be identified from the 
spectral data. It definitely was not the predicted pro-
duct but appeared to be a rearrangement product of 
compound 6. From this result a conclusion may be drawn 
~ 
that both the protons on the nitrogen in compound 2 
~ 
should be present in the system for a reaction to take 
place. It is not known in which step the proton is 
lost in the proposed mechanism for the formation of com-
pound 1. 
...... 
Based on the results of other workers in the field, 
compoundJ. was prepared and its oxy-metallation reaction 
yielded a cleavage product (compound~), rather than the 
expected products (compounds 8, 9, 10 and 11). Since 
'"""""~......., ~ 
neither of these products nor the Markonikoff addition 
(compound 13) were obtained it may be concluded that the 
"-\ 
oxygen atom in compound 12 may be preventing the forma-
-
tion of the predicted products. 
The ability of compound .!.2- to undergo cleavage being 
determined, compound 14 was prepared to see if the exter-
.....,. 
nal double bond had any effect as far as the formation of 
unpredicted products was concerned. The oxy-metallation 
reaction of compound 14 also gave cleavage products (com-
~ 
pounds 15 and 16). This reaction proved that cleavage 
""""' -
16 
products were obtained from the 3-substituted enamino ketone 
regardless of the presence or absence of the external dou-
ble bond. 
In order to clarify this type of a cleavage further, 
an attempt to prepare compounds 17 and 18 was made .but·· 
"""' ~ 
proved unsuccessful. Since these compounds could not be 
made, it could not be proved that these compounds also 
give cleavage products. 
17 
18 
SUGGESTIONS FOR FUTURE WORK 
OAc NJi2 .9 
1)·-/ +Tl(OAc)3 CH30H) ?+ ~
-->? 
(exp. 41) 
When methanol is added to thallium (III) acetate, the 
color of the solution turns dark brown which changes to 
colorless after adding vinyl acetate and stirring for ten 
minutes. At this stage, if compound 2 is added, it undergoes 
~ 
no reaction at all. Varying reaction conditions and concentra-
tions might help in obtaining a final product. 
Reactton 2 and 3 are to be run exactly under the same 
conditions as in exp. 60 and exp. 79 respectively, the only 
difference being the starting substituted enamino ketone. 
2) nBu-t~-H R ---I OAc 
~+ 
HOAc) ? 
(exp. 60) 
3) ~2 ·~ THF/water 
/ ~·"- + Hg(N03)2 > ? 
CH2-CH=CH2 . 50/50 
(exp. 79) 
Reacdon 4, 5 and 6 are to be run under exactly the same 
conditions as exp. 90, the onlt difference being the starting 
substituted enamino ketones not made during this work. 
19 
4) NH2 O 
Et~Et + Hg{N03)2 THF/water ~ ? 
CH2-CH=CH2 50/50 
5)~ Et ~ t + Hg{N03)2 THF/water ) ? 
CH2-CH2=CH3 50/50 
6)~ + Hg(N03)2 THF/water ) ? 50/50 
R 
R = Me, Et, n-butyl, Phenyl. 
EXPERIMENTAL 
A Thomas-Hoover capillary melting point instrument 
was used for all melting points which were uncorrected. 
The infrared spectra were taken in potassium bromide or 
as a thin film on sodium chloride plates on a Perkin-
Elmer Infrared Spectrophotometer model 337 and only the 
strong and medium bands were reported. The Ultraviolet 
spectra were taken with a 1 cm cell in a Beckman model 
DBG Spectrophotometer, with a model SRL Sargent Recorder. 
A Varian T-60 Nuclear Ma.gnetic Resonance Spectrometer 
with CCl4 and CDCl3 as solvents and tetramethylsilane 
(TMS) as internal standard were used. Chemical shifts 
are reported in parts per million (ppm) downfield from 
TMS with the parentheses designating the multiplicity 
of the signals: S, singlet; D, doublet; T, triplet; 
Q, quartet; and M, multiplet. 
Mass spectra were taken on a DuPont 21-490 Mass 
Spectrometer using a Bell and Howell Galvanometer Driver 
Recorder. Gas Phase Chromatographic analysis and collec-
tions were done using a Varian Aerograph Series 2800 
gas chromatograph with a Varian A-25 recorder and a 
Varian Aerograph model 920 gas chromatograph with a model 
A-10 recorder. Excess solvents were evaporated from the 
20 
reaction mediums using a Buchler Instruments Flash Eva-
porator. 
Experiment 1: 
Preparation of 4-Amino-3-Penten-2-one: compound 2 
-
The above compound was prepared by Lacey's method 10 
Slow addition of concentrated NH40H{3 ml, d 0.880) to 
acetylacetone {2.0 g 20 mmole) gave a white precipitate 
of the ammonium salt with the evolution of heat. The 
mixture was heated on a steam bath in an Erlenmeyer flask 
for 15 mins, then saturated with NaCl. The dark brown 
oil was extracted with ether {4x10 ml) and the excess 
ether evaporated to give the product in 85% yield, which 
was recrystallized from cold ether, m.p. 42.5-430. 
NMR (CDCl3):ol.09 (S, 3H, C!!JCO-); 02.05 (S, 3H, C!:!3CNH2-); 
o~.05 (S, lH, -CH=C-). The NH2 protons were not observed 
in either CDCl3 or CCl4 between oO and 015. Spectrum given 
on page 46. 
IR (KBr): 3450 (NH2), 3150, 1600 (C=O), 1510, 1290, 1100 
- . 
and 895 cm-1. 
m/e: 99 (P+), 84, 43 (CH3CO), 28 {base). 
EtOH 
Amax: 299 nm (e=24017) 
G. C. Retention time: 2m x ~" 5% Ucon 550 LB, 155°, He 75 
ml/min; 2.8 min. 
21 
Experiment 2: 
Reaction of compound J. with Vinyl Acetate and Mercury 
illl Acetate: 
In a 100 ml round bottom flask equipped with a mag-
netic stirrer and a condenser, was taken 1.5 g (15 mmole) 
of compound 2, 4.91 g (15 mmole) of mercury (II) acetate 
'""" 
and 20 ml (209 mmole) of vinyl acetate. The mixture was 
heated at reflux with an oil bath for 8 hours at· the end of 
which the organomercurial was isolated as follows.II The 
reaction mixture was saturated with NaCl and extracted with 
benzene (5x10 ml). The benzene extract was dried over 
Na2so4 and the excess benzene evaporated to give 1.48 g of 
compound 2 in a 98% yield. 
-
Experiment 3: 
Preparation of compound~: 
· To 5 g (50 mmole) of compound,l taken in a 100 ml 
round bottom flask equipped with a magnetic stirrer and a 
condenser was added 2.5 ml (37 mmole) of glacial acetic 
22 
acid and 20 ml (209 mmole) of vinyl acetate. The reaction 
mixture was heated at reflux (600) for 8 hours with an oil 
bath which gave a dark yellow liquid. Addition of a 10% 
solution of NaCl gave a yellow precipitate, and the addition 
was continued until precipitation was complete. The precip-
itate was filtered and recrystallized twice from a 75-
25 mixture of CCl4-CHCl3 to yield 2.2 g (60%) of 3,5-
diacetyl-1,4-dihydro-2,4,6-trimethyl pyridine, m.p.154.5-
1550 (lit. 1550).13 The identity of the compound was 
determined by ir, nmr, uv-vis and high resolution mass 
spectroscopy*. The yield increased to 70% when the 
reaction was run under exactly the same conditions for 
24 hours. The compound had a molecular weight of 207.1249 
and thus a molecular formula of C12H17N02, (compound 1). 
~ 
NMR (CDCl3): 61.0 (D, C!:!3CH-); 62.39 (S, C.t!3CO- overlapping 
S, CHrring, total 12H)'"ca 64.0 (Q, CH3CH-); and N!i at 
66.6. The N!i exchanges with D20 in the presence of K2C03. 
Spectrum given on page 4t 
.IB. (KBr): 3300 (NH), 1660 (C=O), 1575, 1230, and 985 cm-1. 
Spectrum given on page 43,' 44. 
m/e: 207 (P+), 206, 192 (base), 177', 164, 149, 121, 92. 
Spectrum given on page 45. 
EtOH 
Amax: 255 nm (E=371.3). 
23 
G. C. Retention time: Could not be obtained on 5% SE 30, 5% 
Ucon 550 LB, 5 and 10% FFAP and 5% Silicone GE Nitrile XE 
100. 
*We thank Mr. Carter Cook of the Mass Spectroscopy Labo-
ratory of the University of Illinois, Urbana for providing 
this spectrum. 
Experiment 4: 
Preparation of compound~ E1_ Vi_nyl Acetate and MercJry 
illl Acetate: 
In a 100 ml round bottom flask equipped with a mag-
netic stirrer was taken 3.21 g (10 mmole) of mercury (II) 
acetate and to it a 50-50 THF/water mixture was added. 
The mixture was stirred for ten minutes after which the 
color of the mercury (II) acetate turned from colorless 
24 
to deep yellow. At this point 1 g (10 mmole) of compound 2 
"' 
and 0. 78 ml {77 mmol e) -~f vinyl acetate was added and the 
reaction mixture stirred at room temperature for 24 hours. 
After one hour of stirring there was a solid seen in the 
flask indica_ting that the mercuration was very slow12. 
After the 24 hour reaction time, 10 ml of 3M NaOH 
was added and the mercurial reduced by the very slow 
addition of 2.5M NaBH4 in 3M NaOH12, taking care that the 
temperature did not rise during the addition. The water 
layer (20 ml) was saturated with reagent grade NaCl and 
the metallic mercury (85% yield) separated by filtration. 
The filtrate was extracted with ether {5x10 ml), dried 
over Na2S04 and concentrated on a rotary evaporator (bath, 
temperature 400), to give a yeTlow solid. The solid was 
recrystallized from a 75-25 mixture of CCl4-CHCl3 and had 
a m.p. of 154.5-1550. The overall yield was 0.51 g (70%). 
25 
The solid was identified by ir, nmr, and uv-vis spectro-
scopy as 3,5-diacetyl-1,4-dihydro-2,4,6-trimethyl-pyridine 
(compound 1). 
-
Experiment 5: 
Preparation of 3-acetyl-2,4,6-trimethylpyridine {compound 
J3 
J.u. 
The above compound was prepared by the literature 
method4 and purified by distilling it under vacuum at 350 
and a pressure of 0.1 torr. 
NMR (CDCl3): ol.90 (S, 3H, C!!JCO-); 02.05 (S, 9H, C!:!3-); 
05.05 (S, lH, CH3-C=CH-) • 
.!Ji (thin film): 3400-3000, 1690 (C=O), 1600, 1500, 1280, 
895 and 745 cm-1. 
m/e: 163 (P+), 99 (base), 84, 43 (CH3CO) and 29. 
EtOH 
Amax: 299 nm (E=7592). 
G. C. Re ten ti on time: 2m x J.i11 5% Ucon 550 LB, 155°, He 75 
ml/min: 2.55 min. 
Experiment 6: 
Preparation of 3-acetyl-2-methylpyrrole (compound 3)14. 
"""' 
Aminoacetaldehyde dimethylacetal (3 g, 28 mmole) with 
1 ml water was cooled in an ice-salt bath and added dropwise 
with shaking to 20 ml HCl. After five hours at room temper-
ature the solution was neutralized to the methyl-orange 
end point by the addition of NaHC03. Acetylacetone 
(1.39 g, 14 mmole) was added at once and the pH was brought 
near to 10 by the addition of NaOH. After 24 hours at 50, 
the mixture was saturated with NaCl and extracted with 
ether (6x15 ml). The ether extract was washed once with 
saturated NaCl, dried over M9S04,and:th~·excess ether 
evaporated to give a white solid. Sublimation at soo 
at 0.1 torr pressure and two recrystallizations from 
petroleum ether (b.p. 110-1150) gave white needles of 
compound 3, m.p. 89.5-900 (lit. 900). The compound 
....... 
turns pale yellow if left on the bench and hence it was 
stored in the refrigerator. It is colorless when puri-
fied. 
NMR (CDCl3): 02.45 (S, C!!:3-); o2.6 (S, C!::!3CO-); ca 06.59 
(D, -CH=CH-, J:2). 
!R. (KBr): 3200, 3100, 1600 (C=O), 1450, 1285, 960, 750 and 
615 cm-1• 
m/e: 123 (P+), 122, 107 (base), 79, 53, 43 (CH3CO) and 29. 
EtOH 
Amax: 285 nm (E=17324) and 247.5 nm (E=18751). 
Addition of a 5% HCl solution to a solution of.], 
(EtOH) shows a decrease in absorption only of the band 
at 210 nm with the appearance of another band at 205 nm. 
26 
Increasing the acidity decreases the absorption of the 
former and increases that of the latter. 
27 
G. C. Retention time: lm x ~" 5% SE 30, 1750, N2 35 ml/min; 
2.75 min. 
Experiment 7: 
Reaction of compound g_ with Thallium (III) Acetate and 
Vinyl Acetate: 
All the apparatus used in this experiment was flame 
dried. In a 50 ml three neck round bottom flask equipped 
with a magnetic stirrer was placed one gram of CaH2 and 
10 ml CHCl3. In another 100 ml round bottom flask to 
which a delivery tube was attached to also fit one of the 
necks of the three neck flask was placed 1.35 g (35 mmole) 
thallium (III) acetate and the whole apparatus freed from 
air by flushing nitrogen gas. To the three neck flask was 
then added 1.237 g (12 mmole) of compound .s, and 2.75 ml 
{28 mmole) of vinyl acetate. The reaction was stirred at 
room temperature for five hours, at the end of which the 
reaction mixture was filtered through the delivery tube 
into the flask containing the thallium acetate. The reac-
tion mixture was stirred at room temperature for one hour 
to give a pale yellow solution and a pale yellow thallium 
salt which was colorless originally. 
Evaporation of the excess solvent gave the starting 
compound 2 in a 90% yield. A similar reaction was later 
-.. 
tried with thallium (III) oxide and later a 50-50 mixture 
of thallium (III) oxide and thallium (III) acetate to 
yield once again the starting compound 2 as the major 
...... 
product. 
Experiment 8: 
Preparation of 4-(N-n-butylamino)-3-penten-2-one 15 {com-
pound.§) 
The starting compounds, 2-4-pentanedione and n-butyl 
amine were freshly distilled before use. Compounds was 
prepared as f6llows: 
A mixture of 10 g (0.1 mmole) of 2,4-pentanedione, 7.3 
g (0.1 nmole) of n-butyl amine, two drops of concentrated 
HCl and 150 ml benzene was placed in a 250 ml round bottom 
flask equipped with a Dean-Stark trap and a reflux con-
denser fitted with a calcium chloride drying tube. Over-
night heating at reflux resulted in azeotropic removal 
of water. The reaction mixture was cooled to room temper-
ature, filtered and concentrated to an oil. The oil was 
then purified by distilling it under vacuum at 1640 and 
a pressure of 0.4 torr. 
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The overall yield was 6.1 g (61%). 
NMR (CDCl3): ol.9 (S, C!:!.3CO-); o2.0 (S, C!!JCNH-); o4.9 
(S, -NHC=CHCO); two complex patterns ca o0.9 and ol.5 
( n-butyl); ca 03.26 (Q, C!:!.CH3, J=3 Hz.); o9.9 (NH-, 
exchanges with D20). 
1B. (thin film): 3406, 2960, 2935, 2875, 1600, 1510, 1375, 
1194, 1085, 972 and 727 cm-1. 
m/e: 155 (P+ and base peak), 140, 126, 112, 84, 70, 58, 
43, 30 and 29. 
EtOH 
Amax: 312 nm (E=7312). 
G. C. Retention time: 2 m x ~11 5% Ucon 550 LB, 155°, He 70 
ml/min; 6.5 min. 
Experiment 9: 
Reaction of compound~, Vinyl Acetate and Mercury 1!.!.l 
Acetate: 
In a 100 ml round bottom flask equipped with a mag-
netic stirrer and a condenser was taken 3.18 g (10 mmole) 
of mercury (II) acetate, and to it 20 ml of CH2Cl2 added. 
The mixture was stirred for 10 min and to it was added 
0.51 g (3 mmole) of compound ~and 0.954 ml (99 mmole) 
of vinyl acetate. The reaction mixture was heated at 
reflux (40°) for 5~ hours at the end of which the mercury 
(II) acetate went into solution to give a clear mixture. 
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At the end- of the reaction time the solution was concen-
trated on a rotary evaporator to give a pale yellow liquid. 
Addition of 20 ml CCl4 separated a yellow solid (a), 0.10 
g; and a yellow liquid (b) 0.40 g. The liquid and the 
solid were treated together as follows: 12 
To the solid and the liquid was added 10 ml of 3M NaOH and 
the organomercurial reduced by the slow addition of 2.SM 
NaBH4 in 3M NaOH. The metallic mercury (85% yield) was 
filtered and the filtrate extracted with 0 ether (5 x 10 ml). 
Excess ether was evapor~~ed after drying over Na2so4 to 
give the starting compound_.§, in a 92% yield (0.46 g). 
Experiment 10: 
Preparation of 4-Amino-3-Allyl-3-Penten-2-one (compound_l). 
30 
All the reagents used in this preparation were freshly 
distilled before use. The 3-allyl-2,4-pentanedione was pre-
pared by Ebel's method 16. To a solution of 11.5 g (0.5 
atom) of sodium in 250 ml absolute methanol was added SO g 
(0.5 mole) of 2,4-pentanedione and after five minutes, 67 
g (0.55 mole) of allyl bromide was added at once. The mix-
ture was stirred and gently heated at reflux overnight, 
cooled and diluted to 500 ml with petroleum ether (b.p. 35°), 
and filtered from the sodium bromide. The filtrate was 
distilled to the separation of a solid and diluted with 
petroleum ether and the process repeated. After distilling 
the solvent, the allyl diketone was distilled through a 
short packed column, at 1950. The yield was 55g{78%). 
The amino group was added to the allyl diketone as 
in the earlier experiments 10, to give compound .J. in 
31 
an 86% yield {47.3 g) from the allyl diketone. ·It was 
purified by recrystallizing from cold ether, mp 61.5-620·; 
NMR (CDCl3): ol.9 (S, 3H, C.!:!3CO-); 02.19 {S, 3H, C!i3CNH2-); 
a complex pattern ca o3·:o {-C!!zCH=CH2); ca M.9 (-CH2CH=C!:J2) 
and ca 05.18 (-CH2CH=CH2). The NH protons were not seen 
at all either in CDC1 3 or cc1 4. Spectrum given on page 47 • 
.IB. (KBr): 3300, 3100, 2900, 1650, 1600, 1495, 1280, 1195, 
1070, 940 and 660 cm-1. 
m/e: 139 (P+), 124, 122, 107, 97, 96, 83, 81, 79, 55, 43 
(base peak) and 29. Spectrum given on page 48. 
EtOH 
Amax: 315 (E=6611). 
G. C. Retention time: Could not be obtained on 5% SE 30, 
5% Ucon 550 LB, 5 and 10% FFAP or 5% Silicone GE Nitrile 
XE 100. 
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Experiment 11: 
Reaction of compound!... with Mercury i11l Acetate and 
Acetic Acid: 
To 4.14 g {13 mmole) of mercury {II) acetate taken 
in a 100 ml round bottom flask equipped with a magnetic 
stirrer was added 30 ml of glacial acetic acid and 1.62 
g {11 rrrnole) of compound 7. After five minutes of stir-
""' 
ring at room temperature, the color of the reaction mixture 
changed from colorless to pale yellow. After a half hour 
of stirring, 30 ml water and 10 g NaCl were added to give 
a white curdy precipitate, {a), 0.50 g. The precipitate 
was washed with water after filtration. The filtrate 
was extracted with ether {5 x 10 ml), and the ether extract 
washed with water (10 x 50 ml). The ether extract was 
dried over Na2S04 and the solution concentrated on a 
rotary evaporator to give 2.24 g of {b), a colorless 
liquid. 
The solid {a) and the liquid (b) were mixed and 
saturated with NaCl. To this was then added 10 ml 3M NaOH 
and the mercurial reduced by the slow addition of 2.SM NaBH4 
in 3M NaOH. The product weighing 0.679 g {70% yield), was 
purified by gas phase chromatography using a 5% Ucon 550 
LB column. The identity of the compound was determined 
by ir, nmr, uv-vis and mass spectroscopy. The compound 
was identified as 4-amino-1-pentene, (compound 12) • 
......... 
NMR (CDCl3): ol.20 (D, C!!3CHNH2-); o3.8 {Q, J=3 Hz, 
CH3CHNH2-); o5.0 (M,-CH=C.!:!2); o5.8 (M, -CH=CH2), ol.8 
(S, N.!!2, exchanges with o2o); other complex patterns 
between ol.40 and ol.65; and ol.90 and 02.40. Spectrum 
given on page 49 . 
.!E. (thin film): 3300, 3075, 2960, 2825, 1630, 1130, 995, 
910 and 840 cm-1. 
m/e: 85 (P+), 82, 81, 57, 56, 45 (base), 43, 41, 31, 29 
and 27. Spectrum given on page 50. 
G. C. Retention time: 2 m x ~" 5% Ucon 550 LB, goo, He 90 
ml/min: 2.50 min. 
The compound 12 has a bp 850 (lit 850) 17, 
_, 
Experiment 12: 
Preparation of 4-Amino-3-Propyl-3-Penten-2-one, (compound 
14). 
""' 
The anhydrous sodium salt of 2,4-pentanedione was 
prepared as the first step 18. To 100 g of 2,4 pentane-
dione taken in a 500 ml Erlenmeyer flask was slowly added 
with stirring, 40 g (1 mole) of NaOH in 50 ml water, to 
give a creamy white crystalline salt. The flask was stop-
pered and cooled overnight in the refrigerator, filtered 
and washed with cold MeOH. After air drying it was left 
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in a vacuum dessicator overnight to give 70 g of the 
anhydrous sodium salt of 2,4-pentanedione. The propyl 
group was added as follows 19: To 50 g (0.46 mole) of 
the anhydrous salt in 460 ml DMSO was slowly added with 
stirring, 56 g (0.46 mole) of propyl bromide. The mix-
ture was heated on a steam bath till neutral and to it 
1400 ml water was added. The solution was then extracted 
with benzene (10 x 25 ml) and_ dried over Na2S04. The 
excess benzene was evaporated on a rotary evaporator and 
the crude product puri fj_ed vi a the copper comp 1 ex 20, 
as follows: 
The crude product in 50 ml MeOH was added to 25 g 
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of copper (II) acetate monohydrate in 100 ml water and 100 
ml concentrated NH40H, and cooled overnight in the refrig-
erator to give a crystalline product which was then filtered 
and washed with 10 ml water. This copper complex was then 
decomposed 21 by stirring for two hours in 500 ml 20% 
H2S04, followed by washing the acid.solution with ether 
(10 x 15 ml). The ether extract was dried over Na2S04, 
concentrated and distilled under vacuum at 650 and a 
pressure of 0.1 torr. The 3-propyl-2,4-pentanedione was 
obtained in a 44% yield (24 gJ. 
The amino group was added by the same method as ear-
lier 10. Compound 14 was re~rystallized from cold ether and 
....-, 
obtained in a 76% yield (18 g), from the 3-propyl diketone 
and has a mp 64.5-65°. 
NMR (CDCl3): ol.O (M,CH3CH2CH2-); ol.45 (M, CH3CH2CH2-); 
82.0 (S, 3H, C!!3CNH2); 82.1 (S, 3H, C.!:!.3CO). The N!i could 
not be seen in the spectrum. Spectrum given on page 5Y. 
!B. (KBr): 3250, 2950, 1600, 1495, 1400, 1290, 1220, 1000, 
and 890 cm-1. 
m/e: 141 (P+), 126, 111, 100, 94, 85, 84, 83, 82, 81, 71, 
70, 58, 57, 55, 53, 44, 43, 42, 41, 40, 39, 30, 29, 28 
{base), and 27. SpectrtHTl given on page 92. 
EtOH 
Amax: 320 nm (E=6394). 
G. C. Retention time: Could not be obtained on any of the 
columns described in experiment 10. 
Experiment 13: 
Reaction of compound~ with Mercury 11!1 Acetate: 
35 
To 30 ml of a THF/water 50-50 mixture taken in a 100 
ml round bottom flask equipped with a magnetic stirrer was 
added 1.941 g (5 mmole) of mercury (II) nitrate and stirred 
at room temperature for ten minutes. The solution at the 
end of ten minutes was cloudy. To this was then added 
1 g (7 mmole) of compound 14 and after two hours of stir-
......... 
ring at room temperature, a white precipitate was seen 
36 
at the bottom of the flask, when allowed to settle, indi-
cating that the mercuration reaction was very slow, hence 
t~e reaction was run at room temperature for 24 hours. At 
the end of the reaction time there still was some white 
precipitate. The reaction mixture was worked up as follows: 
The water layer was saturated with reagent grade NaCl. 
Addition of 10 ml of 3M NaOH gave a deep yellow color to 
the precipitate and the mercurial was reduced by the slow 
addition of 2.SM NaBH4 in 3M NaOH. The mercury obtained in 
the metallic form in an 86% yield was filtered and the 
fi 1 trate extracted with ··ether ( 5 x 10 ml). The ether ex-
tract was dried over Na2S04 and the excess ether evaporated 
on a rotary evaporator (bath temperature 40°) to give 0.70 g 
of a colorle·ss solution. 
Gas phase chromatographic analysis of the solution 
gave two products (a) with a 58% yield by gc and (b), with 
a 42% yield (observed). The identity of the compounds (a) 
and (b) was determined by ir, nmr, uv, mass spectroscopy 
and comparison with authentic samples. 
(a) was identified as 2-hexanone, (compoijnd !§) 
(b) was identified as 2-amino hexane, (compound 15) 
~ 
Compound (16} 
NMR (CDCl3): ca o0.91 (M, CH3CH2CH2-); ca ol.45 (M, CH3CH2 
CH2-); 02.09 (S, 6H, C!!JCH2CH2- and C!:!3CO); ca 02.40 
37 
{M, CH3cH2cH2-). Spectrum given on page 55. 
lB. {thin film): 2950, 2875, 1700 {C=O), 1475, 1170, 990 
and 720 cm-1. 
m/e: 100 (P+), 85, 70, 58, 57, 43 {base), 41, 39, 29 and 
27. Spectrum given on page 56. 
EtOH 
Amax: 285 nm (E-7426). 
G. c. Retention time: 2 m x ~II 5% Ucon 550 LB, eo0 , He 100 
ml/min: 0.9 min. 
Compound (15) 
I 
NMR {CDCl3): ca o0.9 and ol.4 (M, -CH2CH2CH2CH3); ol.8 
{S, NH2, exchanges with D20); o3.8 {Q, CH3CHNH2); ol.2 
{D, CfuCHNHz). Spectrum given on page 53':. 
lB. {thin film): 3350 (NH), 2950, 2930, 1460, 1110, 1050, 
940, and 840 cm-1. 
m/e: 101 (P+), 87, 84, 69, 56, 54, 45 {base), 43, 42, 41, 
40, 39, 29 and 27. Spectrum given on page 5.4. 
G. C. Retention time: 2 m x ~11 5% Ucon 550 LB, 80°, He 100 
ml/min: 1.6 min. 
The identity of compound (16) was confirmed spectra-
........ 
scopically from a purchased sample. Compound (15) was pre-
......, 
pared from 2-hexanone by the following process 22 
Experiment 14: 
Preparation of compound~ from compound 1.§.: 
To 10 g (0.1 mole) of 2-hexanone taken in a 100 ml 
round bottom flask fitted with a magnetic stirrer and a 
thermometer, was added 6.9 g (0.1 mole) of NH20H.HCl in 
12 ml water and 8.48 g (0.08 mole) Na2C03 in 10 ml water 
38 
such that the temperature did not rise above 450. After 
complete addition, the reaction medium was stirred for one 
hour at room temperature, the oily layer separated and washed 
with 100 ml water and the washed product used for reduc-
tion without further purification. The oxime was reduced 
as follows 23 : 
To 5 g (45 mmole) of the oxime in 60 ml ether taken 
in a 500 ml round bottom flask fitted with a magnetic stir-
rer and a condenser, was added 2 g (43 mrnole) of lithium 
aluminum hydride in 120 ml ether and heated at reflux for 
2.5 hours. After cooling for~ hour, 20 ml lOM NaOH was 
added, the contents of the flask decanted and the residue 
washed with ether (5 x 5 ml). The ether extract was washed 
with 25 ml 2M HCl, and 50 ml water. The water layer was 
separated and to it was added 10 ml lOM NaOH and extracted 
with ether (5 x 5 ml). The ether extract was dried over 
Na2so4• concentrated on a rotary evaporator and distilled, 
to give 2-aminohexane in a 63% yield (2.76 g), bp 1300 
(lit 1300). 
The spectral properties as well as the gc retention 
times of the 2-aminohexane and compound 15 were identical . 
........ 
39 
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